Objective: Adrenocortical carcinoma (ACC) is a rare, severe disease. Pregnancy-associated ACC has rarely been reported. We wished to evaluate the characteristics and prognosis of ACC diagnosed in patients during pregnancy or in the postpartum period, comparing them with those for ACC diagnosed in nonpregnant women. Design: Clinical presentation, hormonal secretion, staging, survival, and obstetric data are reported. Patients were included between 1963 and 2007. Mean follow-up was 48 months. Patients and methods: This is a retrospective cohort study carried out at a referral center. All female patients aged 16-49 years diagnosed with ACC during the observation period were included (nZ110). Twelve of these women were pregnant or in the first 6 months after delivery. Hormonal secretion, staging, obstetric data, and survival were analyzed. For the survival analysis, pregnant patients were compared with a subgroup of nonpregnant women matched for age, stage, and year of diagnosis (1 pregnant patient/2 controls). Results: Adrenocortical tumors diagnosed during pregnancy or in the postpartum period tend to be more often cortisol-secreting tumors (PZ0.06) and to be discovered at a more advanced stage than those in nonpregnant women, although the differences were not significant. Fetal outcome was poor. Overall survival of the mother was worse than that of matched controls (hazard ratio of death: 3.98, confidence intervalZ1.34-11.85, PZ0.013). Conclusion: ACC diagnosed during pregnancy or in the postpartum period is associated with a poor fetal outcome and a poorer prognosis than ACC diagnosed in nonpregnant women.
Introduction
Adrenocortical carcinoma (ACC) is a rare tumor, with an estimated incidence between one and two cases per million adults (1) . These tumors have an extremely poor prognosis, with a survival rate of !30% at 5 years (2, 3) . However, the prognosis varies considerably between ACC patients, with some surviving for long periods (2, 4, 5) .
The identification of reliable prognostic factors for predicting the currently unexplained large differences in survival observed in clinical practice is essential for the development of more sensitive means of diagnosis and choice of the most appropriate treatment, particularly after apparently curative surgery, when adjuvant mitotane therapy may be proposed (6) . Improvements in our understanding of the physiopathology of ACCs are also required because the treatments currently available are clearly unsatisfactory.
Several clinical data have indicated that there is a relationship between adrenocortical tumors and being female. Adrenocortical tumors are more frequent in women, with a sex ratio of 4.2 (2) . Benign and malignant adrenocortical tumors are responsible for 70% of all cases of Cushing's syndrome (CS) diagnosed during pregnancy (7, 8) , whereas adrenal tumors account for only 25% of CS cases diagnosed in nonpregnant female patients. A few cases of pregnancy-dependent ACTH-independent CS have been reported (9) (10) (11) (12) . However, it remains unknown whether the characteristics of ACC diagnosed during pregnancy, in terms of presentation, secretion or progression, are specific to this condition. The detection of ACC during pregnancy remains extremely rare, due to the overall rarity of ACC and the lower fertility of women with hypercortisolism and/or hyperandrogenism: !20 cases have been described to date, most reported as isolated cases. Previous studies have shown that hypercortisolism is itself associated with frequent maternal morbidity, and that this condition is associated with a severe fetal prognosis (13) . However, it is unknown whether tumor progression is different in cases in which ACC initially develops in a pregnant woman.
In this study, we analyzed clinical and hormonal data at diagnosis and outcome for 12 women with ACC diagnosed during the course of a pregnancy or in the immediate postpartum period. These patients were compared with reproductive age female patients with ACC not being diagnosed during pregnancy, treated over the same period, at a single clinical center.
Patients and methods

Patients
In total, 110 reproductive age women (16-49 years) diagnosed with ACC were referred to the Endocrinology Department of Cochin Hospital between 1963 and 2007. The tumor was diagnosed during pregnancy or in the postpartum period in 12 of these cases (11%). The diagnosis was considered to have been performed during pregnancy if the tumor was diagnosed at any time from the month of the last menstrual period and the delivery date. The postpartum period was defined as the 6 month period beginning from the delivery date. Partial data for eight of these patients have been reported elsewhere (2, 7) . Nonpregnant women were defined as patients who were not pregnant at the time of diagnosis and who had not been pregnant in the last 6 months (reference group). These patients belonged to a large cohort, reported elsewhere, with additional cases diagnosed during the 2003-2007 period (14) .
For each patient, diagnosis was confirmed by pathological examination of the adrenal tumor and/or malignant history and endocrine investigations, as reported previously (2, (14) (15) (16) . All patients were investigated in our department at the time of initial diagnosis, before adrenal surgery, and/or when at the time of tumor recurrence. Assays were performed as described previously (2, 15) . The values obtained for women diagnosed during pregnancy were compared with those for normal pregnant women at the same stage of gestation.
Tumor stage was determined with the European Network for the Study of Adrenal Tumors staging system (17) . Metastases were diagnosed by imagingprincipally abdominal and chest computed tomography scans -ultrasound scans and magnetic resonance imaging (MRI) were used for pregnant women, and the results obtained were confirmed by pathological examination in cases in which surgery was considered appropriate. The mean duration of follow-up was 48 months (range: 1.2-311).
The study was approved by and carried out in accordance with the recommendations of the ethics committee of Cochin Hospital.
Statistical analysis
Data are reported as medianGinterquartile range or percentages, as appropriate. Wilcoxon tests and exact c 2 tests were first used to compare the pregnant patients (nZ12) and nonpregnant patients (nZ98) in terms of clinical presentation, hormonal secretion, and stage of the tumor at discovery. Owing to differences in age, year of diagnosis, secretion status, and stage between pregnant and nonpregnant patients, overall survival and disease-free survival were studied in a second step, using a subsample of 24 nonpregnant patients individually matched with pregnant women for age (G5 years), secretion status, year of diagnosis, and stage (2:1 matching ratio, i.e. two nonpregnant 'controls' were matched with each pregnant woman). Survival curves were constructed by the Kaplan-Meier method and were compared with Cox's proportional hazards regression models to assess the significance of differences, with adjustment for the matching criteria and tumor size.
Results
Age distribution and presentation at diagnosis of pregnant/postpartum patients Individual clinical and hormonal data are given in Table 1 . The mean age at diagnosis in the pregnant and postpartum women was 28.8G5.6 years (meanGS.D.), slightly lower than that for the nonpregnant patients (34.1G10.2) (PZ0.05; Table 1 ).
One patient (patient 12), aged 37 at the time of diagnosis, had been diagnosed with MEN1 7 years earlier. Three patients were diagnosed during pregnancy (in the second or third trimester), and nine were diagnosed in the postpartum period. However, the signs and symptoms of hypercortisolism were retrospectively identified as having been present during pregnancy.
The disease was revealed by endocrine features in 9 of the 12 (75%) patients (hypertension, diabetes, morphological changes, muscle wasting, virilization, and depression) and by local or regional manifestations in two patients. One patient had symptomatic hypoglycemia, possibly related to pro-insulin-like growth factor 2 (IGF2) hypersecretion, although the exact mechanism could not be established.
The presentation of pregnancy-associated ACC was similar to that at the time of diagnosis of the 794 G Abiven-Lepage and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2010) 163 www.eje-online.org nonpregnant patients, in whom the tumor was revealed in 63 of the 98 (64%) patients by endocrine features and in 19 of the 98 (19%) patients by local extension. However, in 14 of the 98 (14%) nonpregnant patients, the tumor was revealed as an incidentally discovered mass. This situation did not arise among the pregnant/ postpartum patients.
Hormonal data
Hormonal investigations showed that the tumors of all 12 patients diagnosed during pregnancy or in the postpartum period secreted cortisol (100%), either alone (nZ3) or together with androgen (nZ9) ( Table 1 ). We found that 86 (88%) of the 98 nonpregnant female patients with ACC had a secreting tumor. Seventy-three (74%) of these patients had cortisol-secreting tumors, 67 (68%) had androgen-secreting tumors, and 12 (13%) had aldosterone-secreting tumors. Fifty-seven nonpregnant patients had tumors secreting both cortisol and androgen (66% of secreting tumors), associated in 12 cases with aldosterone, whereas 16 controls had tumors displaying isolated cortisol secretion (18%), and 10 had tumors displaying isolated androgen secretion (11%). Three of the eighty-six nonpregnant patients with cortisol-secreting tumors had tumors that secreted only precursors ( Table 2 ).
These findings suggest that pregnant women are more likely to be diagnosed with a cortisol-secreting tumor than nonpregnant women (PZ0.06), although this difference is not statistically significant (see Table 2 ).
Tumor size and stage at diagnosis
The tumors of pregnant/postpartum patients tended to be heavier (627.8G535.2 g, meanGS.D.) than those of nonpregnant patients (518.73G595.6). However, this difference was not significant (PZ0.09; Tables 1 and 2) . Four (33%) pregnant patients had stage 2 tumors, five (43%) had stage 3 tumors, and three (25%) had stage 4 tumors. Thus, two-thirds of these patients displayed local or metastatic extension. In almost two-thirds of the nonpregnant patients, the tumor was limited to the adrenal gland at the time of diagnosis (11/98 (11.22%) with stage 1 tumors and 49/98 (50%) with stage 2 tumors), whereas 39 of the 98 (39%) patients displayed local or metastatic extension: 14 of the 98 (14.28%) patients had stage 3 tumors and 24 of the 98 (24.49%) patients had stage 4 tumors (NS, PZ0.28).
Treatment
Only one patient (patient 7) was unable to undergo surgery. This patient had severe local and metastatic extension at the time of diagnosis, with severe hypoglycemia and was in very poor general health. She was treated by hepatic embolization followed by a combination of mitotane and diazoxide. It was not possible to stabilize her condition, and she died 2 months after diagnosis. The other 11 patients diagnosed during pregnancy or in the postpartum period underwent surgical treatment. For the eight patients diagnosed in the postpartum period, surgery was performed within 1 month of diagnosis in most cases. Tumor resection was considered complete in five patients. Patients 11 and 8 displayed complete resection of the adrenal tumor and of metastatic tumors in the liver, but also suffered from pulmonary metastasis. Patient 9 had a locally invasive tumor, and resection was considered unsatisfactory.
Three patients were diagnosed during pregnancy. In patient 1, an apparently complete ablation of the left adrenal tumor was performed, with a posterolateral extraperitoneal approach, at 29 weeks of gestation. Premature delivery occurred 2 weeks later, after spontaneous membrane rupture. In patient 5, preterm labor occurred spontaneously a few days after diagnosis.
The infant was stillborn, and surgical treatment was carried out early in the postpartum period. In the remaining patient diagnosed during pregnancy (patient 6), the tumor was apparently completely removed at the time of a preterm cesarean section. Surgery was uncomplicated in these three women, except for the constitution of an abdominal lymphedema in patient 6. Ten of the eleven patients treated by surgery also received mitotane treatment. Treatment began 2 or 3 weeks before surgery in three patients, and within 3 months after surgery in four patients. Two patients received mitotane at the time of a recurrence after apparently curative initial surgery (patients 1 and 3). One patient displayed very poor digestive tolerance to mitotane and decided to refuse this treatment after 1 month. The final patient, with a stage 2 extension (Weiss 6) and no relapse to date (3 years after surgery), has never received mitotane (patient 12). In this patient with MEN1, breast cancer was diagnosed 1 year ago and treated by mastectomy, cytotoxic chemotherapy, and tamoxifen. No relapse of this breast cancer has been observed to date.
Before 2004, the objective was to administer the maximal tolerable dose of mitotane, starting from 6 g up to 12 g/day of mitotane (Roussel UCLAF and Pharmacie Centrale des Hôpitaux, Paris, France). After 2004, patients were initially administered 3 g of Lysodren (mitotane; Bristol-Myers Squibb), this dose subsequently being adapted to give a plasma concentration of 14 mg/l. Patient 3 also received cytotoxic chemotherapy to combat tumor progression on mitotane treatment.
Surgical treatment was carried out on 91 (93%) of the nonpregnant patients. Sixty-nine (70%) patients received mitotane treatment, initiated either within 3 months after removal of the primary tumor or at a later time point. Cytotoxic chemotherapy, based on various drug regimens, was administered to 13 patients. Thus, the choice of treatment was similar in the pregnant/postpartum patients and in nonpregnant patients.
Pregnancy outcome
Pregnancy was uncomplicated in only four of the cases of ACC diagnosed during pregnancy or in the postpartum period (Table 3) . Maternal morbidity was observed in five cases: three patients had hypertension and three developed diabetes mellitus (one patient developing both conditions). ACC was diagnosed in one patient shortly after a second trimester abortion for medical reasons, due to life-threatening hypertension and severe thrombopenia leading to HELLP syndrome with preeclampsia.
Fetal cases of morbidity and mortality included two deaths (one abortion for medical reasons and one stillbirth). The frequency of preterm birth was high: five children were born before 37 weeks, including three born before 32 weeks. One of these children suffered from severe membrane hyaline disease. Three patients gave birth to hypotrophic infants (birth weight %2 S.D. on Lubchenko's curve). Four female infants born to mothers with androgen-secreting ACC had no genital ambiguity.
Survival
None of the women died during the course of their pregnancy. However, the survival rate of pregnant women was only 50% at 1 year, 28% at 3 years, 13% at 5 years, and 0% at 8 years. Diagnosis during pregnancy or in the postpartum period was associated with a shorter survival than for 'controls' (Fig. 1A ; hazard ratio (HR)Z3.98, 95% confidence intervalZ 1.34-11.85, PZ0.013, adjusted for tumor size) and a shorter disease-free survival, although this second difference was not significant (Fig. 1B; HRZ1 .92, 95% confidence intervalZ0.71-5.17, PZ0.20). If the analysis was restricted to the subgroup of women with cortisol-secreting tumors (all pregnant and 88% of nonpregnant patients), the association with survival was only slightly weaker (HRZ2.42, 95% confidence intervalZ0.88-6.69, adjusted for tumor size), excluding the possibility of a confounding effect of cortisol secretion.
Discussion
ACC during pregnancy is rare. Only 12 of 140 cases of CS revealed during pregnancy and published before 2005 were found to be due to an ACC, these cases being reported mostly as small series or isolated cases (13, 18) . We report here the characteristics of 12 patients diagnosed with ACC during pregnancy or in postpartum period, and a comparison of these patients with a cohort of 98 nonpregnant women under the age of 50 years treated at the same center.
Pregnancy-associated ACC tended to be discovered at a more advanced stage and with larger tumors than that observed in the group of nonpregnant patients. We cannot exclude the possibility of more rapid tumor progression during pregnancy, but diagnostic difficulties probably account for this more severe presentation (19) . This is probably why 9 of the 12 patients concerned were diagnosed during the postpartum period, although it was clear, retrospectively, that hypercortisolism was present during pregnancy. As in all cases of CS-associated pregnancy, fetal prognosis was poor. Premature births, intrauterine growth retardation, stillbirths, and intrauterine deaths have been reported in all studies (13, (20) (21) (22) . The prognosis may be improved by treating the cause of hypercortisolism during pregnancy (13) . Unfortunately, in most of the cases reported here, diagnosis was made after delivery. One of the fetal losses (abortion for medical reasons in patient 11) occurred before diagnosis, and the other, very shortly after diagnosis, before any decision about treatment could be taken (patient 5). A greater awareness of this rare disorder might increase the frequency of early diagnosis, making it possible to initiate treatment early, possibly improving the outcome for both mother and fetus.
The overall prevalence of secreting tumors was higher in both pregnant and nonpregnant groups than that in previously reported studies on ACC. This discrepancy may be due to differences in the extent of hormonal investigations, or the higher frequency of functional tumors in women than in men (2, 23, 24) . The frequency of cortisol-secreting tumors in cases of pregnancy-associated ACC was even higher than that in the nonpregnant women. Given the antigonadotrophic effect of cortisol and the high frequency of miscarriage in women with CS, we would have expected an excess of nonsecreting tumors among pregnant women. Occasional cases of recurrent ACTH-independent cortisol secretion during pregnancy, with spontaneous remission after delivery, have been reported (10, 11, 25) . However, in the cases described here, cortisol secretion persisted after delivery.
The prognosis of ACC is extremely poor, but pregnancy-associated ACC is associated with even shorter survival periods than that observed in matched nonpregnant controls. Tumor stage at initial diagnosis is the most clear-cut and best validated prognostic factor for overall survival (3, 14, 17, 23) . Older age has also frequently been identified as a prognostic factor (14) . Some other potential prognostic factors have also been identified, but not consistently in all studies (14, 26, 27) . Thus, controls were carefully matched on the basis of these two factors and were selected from women diagnosed during the same period of time, at the same center, to ensure that the two groups had been treated similarly. The diagnosis of a new cancer during pregnancy does not, in general, result in a higher risk of cause-specific death than the diagnosis of the same cancer in nonpregnant or nonlactating women (28, 29) . Breast cancer is the most notable exception, as lactating women with breast cancer have been shown to have a worse outcome (29, 30) , even if adjustment is made for age and extent of disease (31) . However this observation has not been confirmed in all studies (32) . There may be several reasons for the shorter survival in patients with pregnancy-associated ACC. No maternal death directly due to hypercortisolism was observed. Late treatment due to the pregnancy is also unlikely because all women underwent surgical and/or medical treatment, as usually indicated, very soon after the diagnosis was established. It has been suggested that cortisol hypersecretion is associated with a worse prognosis (14) . This may contribute to the severe prognosis of the tumors occurring in pregnant women. However, it is unlikely to account for the difference in survival between pregnant women with ACC and controls, as pregnant women had a worse prognosis even after the exclusion of tumors that did not secrete cortisol. So, is tumor progression influenced by pregnancy. There have been several reports of recurrent ACTH-independent CS occurring during pregnancy and displaying spontaneous remission after delivery (10, 11, 25) . However, these cases concerned benign ACTH-independent hypercortisolism, with pregnancy affecting only cortisol secretion, but not tumor proliferation.
Some of the molecular characteristics of adrenal tumors are reminiscent of the physiology of the fetal adrenal cortex: very high levels of IGF2 (as compared with those in normal adult adrenal gland) are present in ACC as in the fetal zone of adrenal glands (15, 33) . Similarly, the CREB was barely detectable in ACC and in the fetal zone of the adrenal gland, whereas it is clearly detectable in adult adrenal gland (34) . Sensitivity to human chorionic gonadotrophin has clearly been demonstrated in cases of ACTH-independent macronodular adrencortical hyperplasia (35) , but the effect of pregnancy-associated factors on ACC proliferation, as observed in the fetal zone of the adrenal cortex, remains hypothetical.
We recently demonstrated expression of the progesterone receptor (PR or PGR) and estrogen receptor b (ERb or ESR2) in normal adrenal gland, adrenal tumors, and the H295R adrenocortical cell line. The levels of expression of these receptors on these cells are of the same order of magnitude or higher than those observed in normal breast and breast carcinoma (36) . Montanaro et al. (37) previously demonstrated that 4 (OH) tamoxifen and ICI 182 780, a SERM and pure antiestrogen, respectively, upregulated ERb levels and inhibited cell proliferation in the H295R human adrenal cell line. Their role in vivo remains unclear, but the presence of these receptors on adrenal and breast tumors, the prognosis of which seems to be modified by pregnancy, is striking.
The more aggressive course of ACC is not limited to the period of exposure to hormonal changes associated with pregnancy, as most patients were diagnosed or had most of their follow-up in the postpartum period. Could pregnancy favor the development of a particular pattern of tumorigenesis characterized by more frequent cortisol secretion and a more aggressive progression? A recent study demonstrated that gene profiling differentiates between two types of adrenocortical cancers with different prognoses. This suggests that there may be various types of tumor proliferation, associated with different clinical outcomes (38) . In particular, 798 G Abiven-Lepage and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2010) 163 www.eje-online.org pregnancy-related breast tumors express significantly lower levels of ER and PR than the equivalent tumors in nonpregnant women, a profile generally associated with a worse prognosis (39) . Unfortunately, no data is available concerning the gene expression profiles or the ER or PR status of the tumors diagnosed in the pregnant women reported here.
Considering the rarity of this condition, it is difficult to provide recommendations on how to treat pregnant patients with ACC, adapted to the term and the stage of the tumor. However, from our limited experience, we know that adrenal surgery after MRI evaluation is possible during pregnancy. As complete surgical ablation of the tumor is the most efficient treatment of ACC, we recommend it whatever be the term. Preterm delivery is an obvious risk, especially in the third trimester, and collaboration with the obstetrical team is mandatory. Pulmonary maturation should be discussed. Because of the very poor prognosis of pregnancy-associated tumors, OP 0 DDD treatment could be offered, even in tumors limited to the adrenal gland. OP 0 DDD cannot be recommended during pregnancy, even if an uncomplicated pregnancy has been reported under mitotane treatment, but prescribed as soon as possible after delivery. Thus, breastfeeding is not recommended. Abortion for medical reason may be discussed if ACC is discovered during the first trimester, especially in stages 3 and 4.
In conclusion, we have shown that ACC diagnosed during pregnancy or in the postpartum period is associated with a worse prognosis than ACC diagnosed in nonpregnant women. These findings should lead to a more aggressive treatment in this subgroup of patients, even in cases of apparently complete surgical resection.
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